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Gauge/gravity duality

Equivalence between two theories:

QFT +—  Gravity theory
d dimensions d + 1 dimensions
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Gauge/gravity duality

Equivalence between two theories:

QFT +—  Gravity theory
d dimensions d + 1 dimensions

Simplest case involves:

CFT AdS gravity theory
(Conformal field theory) <— (Anti de Sitter spacetime)

Conjecture but can be based on physical arguments + significant evidence
that it is correct!
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Some important definitions

AdS spacetime

Simplest solution of Einstein’s equations in vacuum with a negative
cosmological constant.

2 r? R? 2
dspgs, = e (Muvdx*dx”) + ?dr

@ Lorentzian analog of hyperbolic space.

AdSy: —XZ— X2+ X3+ +X3=—R?

@ Isometry group: SO(2,d — 1)
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Some important definitions

Conformal Field Theory

Quantum field theory invariant under conformal transformations
(Poincaré+Scalings+Special conformal) ds? — Q(x)ds?
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x = Ax = O(x) = A20(x)
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Some important definitions

Conformal Field Theory

Quantum field theory invariant under conformal transformations
(Poincaré+Scalings+Special conformal) ds? — Q(x)ds?

e Conformal group in d dimensions is SO(2, d).

@ Important: behaviour of operators under scaling

x = Ax = O(x) = A20(x)

A is scaling dimension.

Interactions renormalize A. It gets quantum corrections.

A=Ao+Agc
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Maldacena AdS/CFT conjecture
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Maldacena AdS/CFT conjecture

J. M. Maldacena (1998):
Study stack of N D3-branes (Type IIB superstring theory, d = 10).
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Maldacena AdS/CFT conjecture

J. M. Maldacena (1998):

Study stack of N D3-branes (Type IIB superstring theory, d = 10).
Two different perspectives:

@ Open strings: stretching between the branes.
Low energy description — N = 4 SYM theory with gauge group
SU(N) with | g2, = 4mgs |

o Closed strings:

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT

March 19th, 2012 5/13



Maldacena AdS/CFT conjecture

J. M. Maldacena (1998):
Study stack of N D3-branes (Type IIB superstring theory, d = 10).
Two different perspectives:
@ Open strings: stretching between the branes.
Low energy description — N = 4 SYM theory with gauge group
SU(N) with | g2, = 4mgs |

@ Closed strings: consider spacetime metric sourced by the branes

2 Y2 i g Y2 2, 2,102
ds® = (1 + r4> (mijdx"dx!) + (1 + r4> (dr® + r<d%)
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Maldacena AdS/CFT conjecture

J. M. Maldacena (1998):
Study stack of N D3-branes (Type IIB superstring theory, d = 10).
Two different perspectives:
@ Open strings: stretching between the branes.
Low energy description — N = 4 SYM theory with gauge group
SU(N) with | g2, = 4mgs |

@ Closed strings: consider spacetime metric sourced by the branes

2 Y2 i g Y2 2, 2,102
ds® = (1 + r4> (mijdx"dx!) + (1 + r4> (dr® + r<d%)

with ‘ R* = 4mgsNa'?

r — 0o = ds> — Minkowskiyg r—0=ds* — d5/2\d55 + R2dQ2
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Maldacena AdS/CFT conjecture

N =4 SU(N) SYM Type IIB superstring theory
Conformal field theory = on AdSs x S°
g2y = 4ngs R* = 4mgsNa'?

@ 4d conformal symmetry — SO(2, 4)
@ R-Symmetry for 4 SUSY generators — SU(4) = SO(6)

= Symmetry group: SO(2,4) x SO(6)
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Maldacena AdS/CFT conjecture

N =4 SU(N) SYM Type IIB superstring theory
Conformal field theory = on AdSs x S°
g2y = 4ngs R* = 4mgsNa'?

@ 4d conformal symmetry — SO(2, 4)
@ R-Symmetry for 4 SUSY generators — SU(4) = SO(6)

= Symmetry group: SO(2,4) x SO(6)

Isometry group: SO(2,4) x SO(6)

same symmetries
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AdS/CFT: dual states

Duality goes far beyond! Dictionary between theories.
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AdS/CFT: dual states

Duality goes far beyond! Dictionary between theories.

N =4 SU(N) SYM Type |IB superstring theory
Conformal field theory on AdSs x S°
[A, 51, 9] ® [Ri, R, R3] = [E, S1, S2] ® [, 2, J3]
OA <—— |OA>
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AdS/CFT: dual states

Duality goes far beyond! Dictionary between theories.

N =4 SU(N) SYM Type |IB superstring theory
Conformal field theory on AdSs x S°
[A, 51, 9] ® [Ri, R, R3] = [E, S1, S2] ® [, 2, J3]
Oa — 10a)
In particular
A — E
scaling dimension energy of
of operator string state
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AdS/CFT: limits make it easier

Problem: string theory on curved backgrounds is very hard!
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AdS/CFT: limits make it easier

Problem: string theory on curved backgrounds is very hard!
Solution: look for tractable limits.
o 't Hooft limit: \ = g2,,N fixed, N — oc.
(Recall R* = 4ngsNa'? = \a'?)

Planar gauge theory +— Classical |IB string theory
Perturbative expansion in 1/N g — 0
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Problem: string theory on curved backgrounds is very hard!
Solution: look for tractable limits.
o 't Hooft limit: \ = g2,,N fixed, N — oc.
(Recall R* = 4ngsNa'? = \a'?)

Planar gauge theory +— Classical |IB string theory
Perturbative expansion in 1/N g — 0

A is now the gauge theory parameter
@ A< 1,0/ > 1 — Perturbative expansion for field theory (in v/)).

@ A> 1,0/ < 1 — Perturbative expansion for string theory (in %)

weak /strong duality!!
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Weak /strong duality

Weak /strong dilemma...
©) Strongly coupled QFT described by string theory (class. SUGRA).
Strings on curved backgrounds described by weakly coupled QFT.

e Learn more about QCD, confinement, scattering, using string theory
(hopefully).
o Learn more about quantum gravity using QFT (hopefully)

® perturbative regimes don't overlap = cannot check duality.
Exception: some states protected by large amount of symmetry
BPS states

AN = Do+ A(N)ge = A E(A) = Ecjass.(A) + E(A)gc = E

This looked hopeless until 2002.
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New insights

The situation changed from 2002 on:
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Polyakov, Frolov, Tseytlin:

For some string states with large quantum numbers J > 1, E(\, J) is

analytic in %
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The situation changed from 2002 on:

@ 2002-2003. Berenstein, Maldacena, Nastase, Gubser, Klebanov,
Polyakov, Frolov, Tseytlin:
For some string states with large quantum numbers J > 1, E(\, J) is
analytic in %

@ 2003. Minahan, Zarembo, Staudacher, Beisert:
Corrections to A(A) in planar NV =4 SYM are given by hamiltonian
of a spin chain.

—> Check AdS/CFT by comparing E(), J) to A(), J)
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Semiclassical strings on on AdSs x S°

Check the AdS/CFT correspondence:

A .
J= (5,',./;) J>1 ﬁ = fixed

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT March 19th, 2012 11 /13



Semiclassical strings on on AdSs x S°
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@ Compute string energy for J — oo. E(A,J) analytic in A.
Expand for % <1
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J= (5,',./;) J>1 ﬁ = fixed

@ Compute string energy for J — oo. E(A,J) analytic in A.
Expand for % <1
@ Compute quantum corrected A(\, J) for A < 1 and J — oo using
spin chain relation.
Spectra should match! Compare coefficients in \ expansion.
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Semiclassical strings on on AdSs x S°

Check the AdS/CFT correspondence:

A .
J= (5,',./;) J>1 ﬁ = fixed

@ Compute string energy for J — oo. E(A,J) analytic in A.
Expand for % <1
@ Compute quantum corrected A(\, J) for A < 1 and J — oo using
spin chain relation.
Spectra should match! Compare coefficients in \ expansion.

\/ Verified for specific cases at order A, A2, )3,
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Good reasons to do an MSc thesis about this

GENERAL AIMS:

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT March 19th, 2012 12 /13



Good reasons to do an MSc thesis about this

GENERAL AIMS:
@ Get to know the duality better at strong coupling.

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT March 19th, 2012 12 /13



Good reasons to do an MSc thesis about this

GENERAL AIMS:
@ Get to know the duality better at strong coupling.

@ Go beyond comparison of particular states and establish general
relations.

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT March 19th, 2012 12 /13



Good reasons to do an MSc thesis about this

GENERAL AIMS:
@ Get to know the duality better at strong coupling.

@ Go beyond comparison of particular states and establish general
relations.

@ Get to know the full spectrum of the theory.

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT March 19th, 2012 12 /13



Good reasons to do an MSc thesis about this

GENERAL AIMS:
@ Get to know the duality better at strong coupling.

@ Go beyond comparison of particular states and establish general
relations.

@ Get to know the full spectrum of the theory.

e Extend to less symmetric cases (like QCD).

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT March 19th, 2012 12/



Good reasons to do an MSc thesis about this

GENERAL AIMS:
@ Get to know the duality better at strong coupling.

@ Go beyond comparison of particular states and establish general
relations.

@ Get to know the full spectrum of the theory.
e Extend to less symmetric cases (like QCD).
MSc THESIS

@ Study new string configuration and look for 1-loop quantum
corrections to E(\).

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT March 19th, 2012 12/



Good reasons to do an MSc thesis about this

GENERAL AIMS:
@ Get to know the duality better at strong coupling.

@ Go beyond comparison of particular states and establish general
relations.

@ Get to know the full spectrum of the theory.
e Extend to less symmetric cases (like QCD).
MSc THESIS

@ Study new string configuration and look for 1-loop quantum
corrections to E(\).

e Compare to corresponding correction to A(\) on gauge side.

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT March 19th, 2012



Good reasons to do an MSc thesis about this

GENERAL AIMS:
@ Get to know the duality better at strong coupling.

@ Go beyond comparison of particular states and establish general
relations.

@ Get to know the full spectrum of the theory.
e Extend to less symmetric cases (like QCD).
MSc THESIS

@ Study new string configuration and look for 1-loop quantum
corrections to E(\).

e Compare to corresponding correction to A(\) on gauge side.

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT March 19th, 2012



Thank you very much for your attention.

| am thankful to:

Fundacié Universitaria
Agusti Pedro i Pons

Apbyztt @

Max-Planck-Institut fiir Physik @ Universitat de Barcelona

(Werner-Heisenberg-Institut)

and to Prof. Arkady Tseytlin for supervising my work.

M. Aradjo (Imperial College London) Semiclassical strings in AdS/CFT March 19th, 2012



	AdS/CFT in a nutshell
	Semiclassical strings in AdS5S5

